AG Contract No. KR912365TRD

ECS File: JPA 91-97

Project: HPR-3(018)/R0018 O5F

Section: Semi-Arid Precipitation
Frequency Study

INTERAGENCY AGREEMENT
BETWEEN
THE ARIZONA DEPARTMENT OF TRANSFORTATION
AND
THE ARIZONA DEPARTMENT OF WATER RESOURCES

THIS AGREEMENT is entered into /42? ZﬁZﬁZ¥§lz§;ﬁ?f7 , 1991,

pursuant to Arizona Revised Statutes, Sections 11-951 through
11-954, as amended, between agencies of the STATE OF ARIZONA,
to wity; the DEPARTMENT OF TRANSPORTATION, acting by and through
its HIGHWAYS DIVISION (the "ADOT") and the DEPARTMENT OF WATER
RESOURCES, acting by and through its DIRECTOR (the "ADWR").

I. RECITALS

1. The ADOT is empowered by Arizona Revised Statutes
Section 28-108 to enter into this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has delegated
to the undersigned the authority to execute this agreement on
behalf of the ADOT.

2, The ADWR is empowered by Arizona Revised GStatutes
Section 45-105 to enter into this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has
authorized the undersigned to execute this agreement on behalf
of the ADWR.

3. The ADOT and the ADWR desire to participate in a
research study sponsored by the U.S. Department of Commerce,
National Oceanic and Atmospheric Administration  (NOAA),
entitled "Semi-Arid Precipitation Frequency Study". This study
will provide basic information to determine the characteristics
of the standard storm. The standard storm will provide the
ADWR and the ADOT basic flood design information required for
bridge, highway and culvert sizing, and other valuable
information. A detailed NOAA problem/research objective
(reviced Feb 91) is attached hereto as Exhibit A. The study,
hereinafter referred to as the Project, is estimated to cost

$558,850.00.

THEREFORE, in consideration of the mutual agreements expressed
herein, it is agreed as follows:

NO. L4629
FILED WITH SECRGTARY OF STATE
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Page 2 JPA 91-97

1Y, SCOPE OF WORK
1. The ADOT will:

a. Be the lead agency for the Project in the state.
Participate by contract, a copy of which is attached hereto as
Exhibit B and made a part hereof, with the NOAA in the funding
of the study, and with other Arizona political subdivisions in
funding and accomplishing the Project.

b. Provide the ADWR with copies of progress reports
and such other related documents as available and appropriate,
and a final report no later than October 30, 199%4.

c. Invoice the ADWR for its portion of the FProject
costs in the amount of $10,000.00.

2. The ADWR will:

a. Participate in the Project in the amount of
$10,000.00.

b. Reimburse the ADOT within thirty (30) days after
receipt and approval of an invoice.

111, MISCELLANEOUS PROVISIONS

1. This agreement shall remain in force and effect until
completion of said Project; provided, however, that this
agreement may be cancelled at any time prior to the
commencement of the Project, upon thirty (30) days written
notice to the other party.

2. This agreement shall become effective upon filing with
the Secretary of State.

3. This agreement may be cancelled in accordance with
Arizona Revised Statutes Section 38-511.

4. The provisions of Arizona Revised Statutes Section
35-214 are applicable to this contract.

5. In the event of any controversy which may arise out of
this agreement, the parties hereto agree to abide by required
arbitration as is set forth for public works contracts in
Arizona Revised Statutes Section 12-1518 (B) and (C).
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6. All notices or demands wupon any party to this
agreement shall be in writing and shall be delivered in person
or sent by mail addressed as follows:

Arizona Department of Transportation

Joint Project Administration

205 South 17 Avenue, Mail Drop 616F Room 222F
Phoenix, AZ 85007

Arizona Department of Water Resources
Chief, Flood Management Section

15 South 15th Avenue

Phoenix, AZ 8500%

7. The parties hereto shall comply with the Age
Discrimination Act of 1975, 42 U.8.C. No. 6101 et seq., and
State Executive Order No. 73-5, which mandats that all persons,
regardless of race, color, religion, sex, age, national origin
or political affiliation, shall have equal access to employment
opportunities, and shall comply with the Rehabilitation Act of
1973, 29 U.S§.C. No., 701, which prohibits discrimination in the
employment of qualified persons because of physical or mental
handicap, and shall comply with the Civil Rights Act of 1964,
42 U.S.C. No. 2000e, which prohibits the denial of benefits of
or participation on contract services on the basis of race,
color or national origin.

8. Attached hereto and incorporated herein is a copy of
the written determination of each party's legal counsel that
the parties are authorized under the laws of this state to
enter into this agreement and that the agreement is in proper
form.

IN WIINESS WHEREOF, the parties have executed this agreement
the day and year first above written.

STATE OF ARIZONA STATE OF ARIZONA
Department of Water Resources Department of Transportation
By gj{%aﬁ&ﬁ/ [Mﬁ(,ﬁ/& By /%l/\zvfgy’dééE ’E
ELTZABETH ANN RIEKE //19/41 HARRY A. REED, Director
Director Trangportation Planning
Division
38673
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RESOLUTION

BE IT RESOLVED on this 28th day of October 1991, that I,
CHARLES E. COWAN, as Director of the Arizona Department of
Transportation, have determined that it dis in the best
interests of the State of Arizona that the Department of
Transportation, acting by and through the Transportation
Planning Division, to enter into an agreement with the Arizona
Department of Water Resources for the purpose of defining
responsibilities joint participation in a semi~annual
precipitation study sponsored by the U.S. Department of
Commerce, National Weather Service.

Therefore, authorization is hereby granted to draft said
agreement which, upon completion, shall be submitted for
approval and execution by the Director, Transportation Planning

Division.

-
. _ r
/5 CHARLES F. COWAN
Director

1203j/2



JPA 91-97

APPROVAL OF THE DEPARTMENT OF WATER RESQURCES ATTORNEY

I have reviewed the above referenced proposed interagency
agreement, between agencies of the STATE OF ARIZONA, to wit; the
DEPARTMENT OF TRANSPORTATION and the DEPARTMENT OF WATER

RESOURCES, and declare this agreement to be in proper form and within the

powers and authority granted to the Department of Water Resources under the

laws of the State of Arizona.

+4
DATED this | 5 day of /l/dv’émé&( , 1991

Y Vg

L. William Sraudenmaier

Deputy Counsel

1979f



Attorney General
-
1275 WEST WASHINGTON

HPhoenix, Arizona 85007

REBERILUBS S

INTERGOVERNMENTAL AGREEMENT

DETERMINATION

A. G, Contract No, KR91-Z2365TRD , an agreement

between public agencies, has been reviewed pursuant to
A.R.S. § 11-952, as amended, by the undersigned Assistant
Attorney General who has determined that it is in the proper
form and is within the powers and authority granted to the
State of Arizona.

No opinion is expressed as to the authority of the
remaining parties, other than the State or its agencies, to

enter into said agreement.

DATED this ﬁ " day of W"‘Z 1991.

GRANT WOCDS
Attorney General

JAMES R. REDPAT
Assistant Attorney/General

Transportation Section

7005G/102



SEMI-ARID PRECIPITATION FREQUENCY STUDY

Unsolicited Proposal
for the States of
Arizona, Utah, Nevada and New Vexico

Juiy 1990
{Revised Feoruary 1991)

WATER MANAGEMENT INFORMATION DIVISION
OFFICE OF HYDROLOGY
NATIONAL WEATHER SERVICE
SILVER SPRING, MARYLAND

Exhibit A to JPA 91-97



SEMI-ARID PRECIPITATION FREQUENCY STUDY

I. PROBLEM STATEMENT

Current precipitation frequency data as represented in NOAA Adas 2 (1973) for the 11
western states has been quesuoncd in a number of areas. The National Weather
Service (NWS) intends to review available data from all sources (Federal, State, local,
and private), consider current statistical practice and techniques, and provide an
updated report covering the semi-arid states of Arizona, Nevada, New Mexica, Utah,
southeastcm California, and western Texas. The product would be avaiiable as an atlas
and in digitized format for ease in hydrologic appiications.

NOAA Atlas 2 was based on avaiiable data through the mid- to late 1960's. The
period of record for hourly data was reiatively short. Only 73 recording raingages for
all 11 western states had records of more than 30 vears. Regression techmiques
developed for these swudies required extensive manual calculation of data. Relations for
durations less than 6 hours werz not well founded and durations longer than 24 hours
are not available. Depth-area and depth-duration rejations wers based on studies for
other parts of the couniry. A lack of daa did not allow for extensive studies of the
relation berwean terrain and pracipitadon. These are all topics that will be addressed

& e 3

in the proposed N'WS study.

The N'WS has a long historv of experience and expertise in precipiiation-frequency
analvses and in this study intends o add o this background by inctuding studies of the
#imcamental distritutions and fiming procacurss used in the past as well as these

Tor

currenty available. [t is imporan: 0 coasicder sate of the art techmgues in & swudv

St
that will receive natonwide auentcn and appiication. An adjunct © the studv will be
ize invoivement of an indesencant Advisary Croup 1o review zll aspecss of tne

[P T Nttt by Y Y

. . -
STODOsSSd sTUay, The 8"""SCT"V eam wiil pe Zrawn Som e :I’I'vatﬁ and 'JL'!OIIC gaclar
H

and inciude .'WC"O[O"‘C‘..... atistcal, and warar [2sguress CISCI{JLH&S.

II. RESZARCH OBIZCTIVE

The purpese of this study is 0 detzrmine annual and seasonal prec cl
from 3 minutes 0 10 davs for 2 1o 100 vears. Tne study results wiil 1

N'WS report and made available also as 2 digitai fle.

’CJ ization 'I’EGL,ﬂ"!(.::b
gce D UD!ISS‘}C‘.” as 2

The research will review and process all available rainfall data for the homogeneous
’agion of Arizona, Nevada, New Mexico, Utan, southeastern California, and westerr
xas and utilize accapted statisuical methods. [t is recognized that the rainfzil data 2s
archived by the Natonal Climatic Data Center (NCDC) may not be adaquate 0

)



accomplish the objectives of this research. Therefore, local, State, and rederal
networks that are not compiled by the NCDC, will be added to the NCDC data to
define frequency relations, local variations, as well as to provide details with regard 10
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the development of frequency distributions and objective
spatial analysis developed over the past 30 years will be evaluated and used for the new
frequency relations. The extensive adoption of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therafore, an additional effort will be directed at
producing a digital file that is adaptable to mast users.

III. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contiguous United States was preparzd by Yarnell in 1935. Subseguently, this work was
updated by the National Weather Service beginning in the 1950's. Currently, the NWS
has ten reports which provide the standards for precipitation-frequency refations for the
50 states, Puerto Rico, and the Virgin Islands for durations from 3 minutes to 10 davs.
Far some of these reporis additional data has bezn collected for another 30 years.

The N'WS recognized the nesd to review these publications. About two vears ago the
NWS began a pilot study of the precipitation-frequency relations in Pennsyivania and
West Virginia with funding from the Seil Conservation Service. Some preliminary

results are now available. The best available extreme-vajue distribution for pracipitaticn
up 10 the 1970's was the Gumbel axtrame-vaive distribution using a Weibull Juing
formula. Recent statisical advances have brougit new echniques to test daa and
freguency distriputions. as weil as srovided bewer fiuing techniques. Tne prelimmary

resuits from Pennsvivania and West Virginia vsing these technigues indicate that e
Ceneralized Txreme Vaive (GEV) diswibution beuer descrives e regquency

AISIISUTIOn IOr DrasiTIiaiion han acss Ind Gumbal, The Gumbei is 2 spacial case I

- At

the GEV discibution. Fiming technicues have improved over e vears with e

Method of Momeants being usad i the 1870 and the Propabiliy Weighted Momenss

ek - vy et

(PWM) znd L-Momen: Zring techniguas being mOre recent develcpments. 14888 2w

fiving techniques ars bewer abie o uwiifize the shcrier periods of record which ar2 ofzn
a major probiem in merecrolegy and avcérolegy. In addiuen. the tecaniques are aisa
useful in the qualigy-conizal of data. Objective analysis schemes are also being =xgicred
to analyze isclines and ¢ develop relations terwesn the wpography and precipitaiion

frequency.
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IV, WORK PLAN:

The review and revision of precipitation frequency information in the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, southeastern California,
and western Texas involves the following specific tasks. Some of the tasks need to be
worked in sequencs because of dependence on results from earlier tasks, some can be
considered concurrently. The time table included at the end of the iask descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIIL, followed by a breakdown of costs according
to the varjous tasks and other charges.

TASK 1
a) Data Collection 5) Qualitv Control

A. Background

Some 20 years or more of data have accumulated since the completion of
NOAA Atlas 2. In addition many stations that were not considersd in that
publication because of short records, now have as much as 30-40 vears of useful
records available. Furthermore, unknown gquantities of supplemental data exist
as a result of nerworks and stations maintained by Federal, State, county and
private agencies, and not archived in NCDC., The attempt will be made 0
obtain the precipitation data from the northern portions of Sonora, Mexice.

B. Analyses

Both dailvy and hourly data will be used, and wherz available 13-minu
will be coliected for use in short-durzton relations. as well as ot

1 hour or less collected by the NWS or within scecial networks., Because o
interest in times of special Jooding as well as a nesd for madimum valuss. the

cata will be sorzed bv monrh.

An anempt will be made w0 determine the quandtv of relevant dara availabie
and bring it t0geth2r in a comsistent <2t base. 1O this end. vse will ba =made
of the xmowiedge and capabilities of Swre Climatoiogists 10 datermine what
information exists and how and from whom it may be obrainzd.

Datapase will be organized into thres groups:

1) NWS precipitation gages (recording and aon recarding) used in NOAA
Atlas 2 and those that could be emplaved in this analysis,

is3



2) non-NWS precipitation gages and records not used in NOAA Atlas 2 that

S e d

have daa of sufficient length to test the old maps and 10 use in a new analysis,
and

3) precipitation gages (bath NWS and non-NWS) with records oo short (less
than 135 years after 1570) to avaluate return periods, but which could be
employed in the analysis of events of interast, and eventually will have archived
data for future analyses. '

Seasonal distribution of precipization for all durations will be examined. This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons {summer,
winter, {zll, spring) may not be appiicable. In the Southwest it may be more
appropriate to define a monsoonal season. rather than a summer or Warm
season. The seasonal definition may aiso be different for various seztions

within the region.

The seasonal definition probabiy varies as a function of the duratien of the
events being investigated. For sxampie shart-duration sonvective storms of

6 hours or less most likely occur most trequently from May through October.
However, storms with a duration of 10 cdavs or mare most liksly occur from
Ociober through April. Thus, there may be some overiap of months depending
upon e duration of the starms being investigated. Delineation of season must
oe accompiished early during the data processing period 10 ensure :hat the caca
t0 be used in the frequency anaivsis is properiy archived in the beginning.
These decisions will be mads in concer: with the NWE. Siare Climaiologisis.
‘ate parucipants. and the Inderendent Advisorv Grouz.

v, Nl Lima e Al

Of censiderable impormancs is the need oo quaiin conmal of the coilectag dam,
Procedures will be applisd 0 the awtomated routine used in Srocsssing h

Gata twnat will search for unusual axtremes and noze bois zussing and
accumuiated grecipitation sericds. The decres of dauality sonirol hat 2wists i
o NR2IV vamas cansideraliv beswesn vanous

3
e
[

indweed

in2se cata s unknown and
- ' - ~y ~ - Yal ~ - e halal o I Yol P

. iy ‘e 3 e .

SQurees. Zwven e daw arenived tv the NCDC need o Sz senrohas oo

— e md wh e

SUNCOINE OF QIher arrors.

The zffort w0 procass these data inio a useadis dam base is ¢t major
imporwance 10 the overal reliability of the fnal producs. It is understancable.
therefore that this portion of the study will be given delicerate auvention, as
well as adequate wme alloted, 10 acza nplish this goal.

{
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C. Product

A data base of all-available precipitation data for stztons in th= semi-arid
southwestern states and the immediate surrcundings will be craz:2¢ by this task,

TASK 2
Freguencv Distribution/Fittine Studies

A, Background

The NWS has provided many studies of precipitation frequency zver a period
of some 335 years, and almost all these studies have teen based 2z the Gumbel
distribution (Fisher-Tippett Type I) fitted by the Gumbel fitting zracedure
(Weibull Plotting pasitions). Through the last 20-30 vears, mucs -2search has
described other statistical distributions and Stiing techniques, e22= with an
application to a particular type of data or location.

B. Analvsis

It is imporant that in a major review, such as propesed hersin. :znsideration
be given to these recent developments, and an attemg: made ic ncorporate
any improvements that are real and can be supported. This task il select
from the 2xtensive literature those distributions and Jwing proczduras that

-
—, i —

appear most applicable, Some of these are the Generziized Sxreme Value
(GEV), the Pearson [II, Generaiized Log-Normal, the Gamma, 22 Generalizad
Parew, Generalized Logistc disuributions, and the L-mcmen:, m2ined of
moments. and other fuing procedurss. as axamples. T2sis and sz=parisens

2 data ircz ths region of

will be made 0 evaluate the appiication of 2ach o the dawa from the v
study.

esults fom a pilot study 10 update the precipimton-Teguency 2 in the

sunsyivania-West Virginia area nave provided much imsigne imic recen:
staustcal techniques and many of the probiems that s2n be expemad in a swudy
of the precipiation-frequency reiatons for 2 ragion or 2 state. 3:me of
conciusions are: 1) probiems in ihe reduction of daa tave bes: racognized
and improved software will be deveioped for Zuture werk: and 2 tha new
statistical techniques provide improved ways of handling outiiers = e da:
3) procedures for the quality control of precipitation cata have 227 identified:

4) L-momeant swadistics, which is an evolution of probabilitv-weigk:e2 moments.
will be used for future frequency studies; 3) techniques for seiecuzz the
irequency distribution which test {its the data for an area have S22z Zeveloped

and tested using L-moment satistics and other technigues.

L



This task will draw on the experuse of the Independent Advisary Group, State
Climatologist, and state articipans 10 guide the NWS toward the best solution
in this area. Thought needs 0 be ven to the benefits/drawbacks involved in
solutions that result in rezional vazz=cns between selected distributions and
fitting procedures. This consideraticn may require sample tests be made in
other regions outside the southwess. In the event different distributions are
accepted, a discussion of scundary di¥erences will be nesded. Inter-regional
conmsistency is important, Sut somes=es this can be mitigated by judicious
choice of regional boundzsies (2.2, =cosistent with major drainage limits).

C. Product

The outcome of this task il be the selection of a frequency distribution and

fuing technique best suitz2 1o iHe crezipitation data 0 be used in this study
egion.

TASK 3
Shorr-Duration Relations

A. Background

Shart-duration information \duratiers x{ jess than 1 hour) is valuable in the
design for smail-area structures, such zs, drains, culverts, collections, and other
similar hydraulic structures, Pre enty. NOAA Axlas 2 grovidas ratios adapted
Fom a national average for Zuraticns =7 less than 1 hour. Other praiiminary
wOTk by Frederick and Milier (1979 zn¢ Arkell and Richards (1986) shows tho:

. . - . . - temm . T e Tem ot
WS rauc or rainfzil iess than J0ur = limarenr inmone West from &L I ne

Sast (Frederick 2t al. 1977, and tha: tnese ratios likely vary :iroughour the

West.

2. Anaivsis

It is nacessary 10 deveiop reizticns neviasn 1 hour ané shomer durations.
 cigluized datw zre zvafiaziz ar this analvsis. Thesa datwa sgurzas

inciude: I} 15 minute and shorter S87iICs availabie from Fischer-Porter gages

as part of :ne national netverk mainizi-med by the NWS; 2} special shor:-

duration data from NWS Srstarcer weauler siatons for intense storms:

3) break-point data from scecial dense rzingage necworks maintained ov ihe

Agriculteral Research Servics: apd ) sZer-duration data captured anc archived

Dy a variety of other Faderc agencies. :ad jocal and state governments.

When anaivzing these data we must 32 zzreful o maintain the spatial ceatinuitv

of :he metzoroiogy of the dasa sewm. Za- sxample, dawa from east of the

Rockies will be useful for these regicns zzst of the Rackies, bur wauid sratatiy

Ch



TASK 4

not be appiicable 1o areas west of the Rockies. The major reasons for this are
the difference in the moisture Sources and the types of weather associated with
the eveat, These homogeneous regions must be defined in the early part of the
analysis. Special attention will also be paid to urban areas, if sufficient daca

exists, to determine if there are any differences in the inteasity of rainfall in the

downstorm direction.

Many of the storms will be due 1o convective activity. Another natural
stratification of the data will be to determine if there ars any differencss in the
temporal distribution of precipitation with height.

C. Procduct
The final products of these studies will be ratios or maps of ratios that can be

applied to the 1-hour duration data 10 determine the frequency distribution of
durations of less than 1 hour.

a) Algorithm/Data Plot (Algorithm Development/Anoiication)

A. Background
For frequency calculations, not all portions of the semi-arid southwest are
adequatsely represented by data. Therefore, it is imporant o deveicp
algorithms or relations that are tased on data-rich ar=as i be used in data-
DOOr arsas,

3. Analvsis

PTS'-’IOLES STUQISS snow that wne gLoorannical GIstoencn of ;ﬂr_’::g SIZICOS variey

Sigmcaﬂcl}’ uwougngout the ermon. An aopecive zoonijaus 13 n2eg2aZ tnor wil

alow iz Analvst ar (ne cammpeier 10 Srovids d consistent ruie h cugnout.
GATATI~™ cveme 1.

Lvesugauon of Srecisnzuen-rarain reiauons wiill pe made I GatE-roy areas oo

cavelon HEUTIInDTS or use i LSCs8 rEoions where wnere ore attie or no camo,

A senies af wpographic andrer meteoroiogica] variabies ars citen seiecrad oo
2poly in such studiss. These couid inciuds distance Tom meisture soureces,
seasonality, slope, sievaton, height above an aroioary level, distance Tom a
barrier, s:c, as examples. Other dara that will he investigated are satelijte
climatoiogies providing added definitions abour the distribuicn of precipiaticn
and thunderstorms in data-poor regions.

~



This task will be coordinated with both the State Climartclogists for their
knowledge of local variations and anomalies, and the Independent Advisory
Group for their experience and recommendations.

C. Product

The most important product in this task is the set of precipitation-terrain
relations that apply in data-sparse regions.

b) Ersquency Calculations and ¢) Aloorithm Calculations

A. Background

Once the data base has been established in sk aumoer 1, and the various
relations determined as in tasks number 2 10 4, the data will be processed 0
obtain various ourputs,

B. Analysis

recipitation frequency vaiues for durations between 3 minutes and 10 cavs at
rewrn periods between 2 and 100 vears will be calculated for ail stations within
and surrounding the semi-arid region. Rasults will be ctrained both monthly
and on a maximum annual basis. Consideration will be given in the digital
process 10 estadlish routines that will allow bi-monthly or weekly producss, if
needed, 10 be computed. However these decisions mus: be made in the

ok e oy

deginning, so data-processing costs do not become g0 axpensive.

The resuits will he examined for imconsisiancies, 2rrors. or meategroiogical
uireasonabieness. An imporiant part of the studv is o orovide mformarion
oo qnd

iat makes sense and can be supporied by meecrological experience a

tTnecry. Laocal jucgment will oe included hefpre D@82 I2sulls are Coninroel.

H
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d) Final Adiustments (Frequencv Relation)

A. Background

v

After all the frequency values are calculated, the spatial analysis of these values

will begin. Algorithms will be used to develop relations between the

precipitation frequency data and the underlying terrain, Further smeothing will
be provided by regionalization of the frequency reiations. This ensures that the

frequency relations within a region are homogeneous and account for any
unusual singular points in the data set and the underlying terrain.

B. Analysis

For selected durations and return periods (e.g, 2-yr I-hr, 2-yr 24-hr, 2-vr 10-day
and comparabie 100-yr values), the caiculated frequency values will be piotted

and an objective spatial analysis program will be used to analyze the resuits.
These analyses will be reviewed for internal consistency, known local effec:
meteorological reasonableness, and to develop any supplemental hard copy
analyses. The objective spatial analysis program will regionalize the data,

—-—

providing a smocther final analvsis that will account for the underlving ter;

Seasonal relations can be developed for selected irequency/return periods zither
by mouth or by mic-season month, or seasonal average. Tests will be mads 0
provide comparative information that will ailow the best reiation 0 be chosen.

Comparisons will 2lso be made 0 other indices. such as runoff.
Doty e

. el aQUlT

— - . ‘s oy - . . - .
102 DUrOCUCT ICIT these studizs wil pe o sa: of aovens did DS 21 12387 18T ine

B B N

annual maximum creciziadon for durations srobabiv from 1 hour e 10) davs.

bk L D e i T e ppeut iy 0y S 1 -t A4 L

Yo yom i mamsries Smpqyrameiac teey =m0 O qreer Taca Teosiyo L P £
9T vanous reiurnoregquencies up o 100 vears, These frecuencv mass will

i

provide the ceiail of the 2ffecis of termzin, Relosicas will oiven o oreicte
:-hour dat o smalisr duravions for cenemai storms. and sither o ser of o
reiations in w2tz form will be ziven 1o reiate the annual mavimum vaivas o
82s0ns. As part of this iask. ihe methoed of cresentation will ne examinec

. -

D TivrEe Te =gl
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determine if alternate merheds of presentation of e frequency relations are

possibie. Final decisions will be made zfter consuiting with the Independs
Advisory Group, the Swate Ciimatoiogists, and the swates invalved witd :he
project.



TASK 3

Spatial/Temporal Ralations (Depth-Duration and Depth-Area Studies)

A. Background

These studies will be divided into two parwis. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles? or less. Such relatons provide information for use
over small areas and for short durations, and concentrate on local
thunderstorms. The focus of the second part of the study will be on depth-
duratior curves from 1 hour through 10 days, and the-depth-area results will
explore areas of 500 miles? or greater. These results will give dertails abcut the
longer duration and more generalized storms. This data base will deveiop
information from convective storms, tropical storms and geaeral starms.

B. Analysis

The depth-duration studies for small-area storms will concentrate on conveciive
storms to identify the maximum intensity of rainfall in periods of 1 hour or less.
A family of meteorologically consistent mass curves will be prepared. The data
base will conzain rainfall for periods of less than 1 hour. Arkell and Richards
(1986) and Frederick and Miller (1979) have shown that there are different
subregions within the area. As a result, special attention must be zaid 10
define the homogenous subregions. If suificient data exists, urban areas will oe
examined 10 determine if there are anv differsnces in the intensity of rainiall
downstorm of the citv.  Another nawral swatification of the dawa will e w0
determine if there are any differsnces in the temporal distibusion of

precicliidiion wiin 2i8vauoil.
.
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days. and for arzas greater than 300 milest The cara base Zor this @ aivsis will
be derived from the exirems 2vents identfied in the data processing procscurs.
This will inciude data from the NWS national nerwark, and datg rom 1ae

At L

various dense raingage nerworks and he individual staticns of varicus Fadara
swate, local, and privaie groups.
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gifverabias ra' Azins th PO Dackaceg:

The depth-duration or tempoaral analysis of the data will follow the schems
developed by Huff (1967) and Huff and Vogel (1976) which identifies far.ie
of mass curves. These families of curves provides a range of meteorologizally
pessible non-dimensional mass curves, showmg the median and :he extra—a
possible mass curves that can occur. Durations for this analysis will rangs ~om
1 hour up to 10 days. Consequently, a series of non~dxmensxonal mass cures
will be assembled that will encompass this wide variation of durations, Tz
analysis will provide extreme point estimates and consider areal-average¢ mass
curves. For this semi-arid area of the United States there will be differanzs
betwesn convective storms and general storms, the data will be stratified 12
iden:ify these differences. It will also be necessary to identify any regicnz:

variations and differencas with elevation.

C. Products

that can be plotted and smoothed fGr use in small»arba acmgn ;romemsn

Area-depth curves will also be derived for arsas greater than 500 miles®. =*

possidle, a family of curves will be developed to show the exireme arsa-faz:i
that are possible. These curves will be stratified by duration ané arsa sizs o2

g~ ma

maximize the wility for design purposes. A smoothed set of curves will 2.5z =e
generated {Or generalized results. Regional and elevadon variations wiil =2

xae'mneci and curves will be generated to distinguish betwesn ¢ \.‘c.l ] Cobppat
wropical storms and convective storms whers such siratfications 2 re pessicie ond

met2oroiogically reasonable.

"6

Fomilies of mass curves and area-c‘aszh curves will b
as a2 functzion of the duration and arsa size. If the dart
wili 2iso b2 cdispiaved bv sterm wpe and zievauon,

1T T S
TEl NETOTT

e
8}
.

Tois study wiil Troduece o dnal re zert that will be published ! an
NOAA series with inital distribution according w0 2 mailing list de ae:c:pc: o
the N'WS and the participants. Further disuicution will be made :arc

and froma e e:ve suppiv maintained bv the NWS,

é.j

e repert will contain deailed discussion of the dawm and procedures u
ottain precipitaticn {requency values along with background and informarizs
about stucies made o arrive at these conclusicns. Maps of anaivzed rasu.:

Ll
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will be provided along with graphical refations nesded to obtain intermediate
values. Seasonal variation, depth-area distribudon, and the temporal
distribution of rainfall in extreme storms will be discussed, and graphs and
figures apprapriate to defining these results for he region will be given.

In addition, and unique 0 this stdy, a digital Jle will be created so that the
results at any location in the region and the data bases can be obtained. It is
intended that the digital fle will be a practical solution o most feld users
needs, particularly those who make continual refarence :0 thesa data, or wish 0
incorporate these results into some larger compurational routine.

Note: The digital file will be in the GIS form.
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V. REPORTS AND MEETINGS

A. Reports

During the course of this study, progress reports will be provided by the
contractor on a quarterly basis. Thnese reports will include brief
summaries of studies under davelopment, cornments on conclusions
reached, probiems encountered and changes that may be necessitated in
the initial schedule of work. The progress reports (working summaries of
the tasks) will be prepared and submitted 1o all participants and advisors
prior to each meeting.

A draft document of the entire studv will be prepared by the contractor
for review by the various idemntified parties, as well as selected ouside
interzsts. Comments from this review will be acted upon o form the final
report.

B. Meezrings

A schedule of meertings has besn proposed that calls for general meerings
to include all participants and for progress mestings that appiy 10 mors
limited interests. It is proposed :hat general m e°tmgs be heid in the
study region, 1) at the onset of the project, 1) after the frst vear, and
3) during the writing of the draft report. The progress mesztings will be
held at approximarelv six-month intervais. Thnese meerings will be heid at
either a fixed site or on a rotatng site basis within the region. Ar these
mesings the contractor will meat with the state representanives and
otfers. as appropnate. o discuss the orograss Of e swdy and oon

"“‘“S..XO“S ar Di"uDl-..... ..."".-‘DO.’IZ.E’I: 13 e individual stares.
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28 SLPPORT GROLPS

A. Local Hvdrologic Rapresentatives
State, county and ciller cffices groviding Inancial seo port 10 this siu
will be represented at all tecknical mestings called by the contractor
(NWS). It is recommended that 2ach such oiiice appomz technical
regrasentatve whao will nave ha2 :ciiowing r2sonsiaiitias:



0 Auend all mestings called to discuss or review the precipitation
frequency study.

o Provide their individual state DOT officials with updated status reports
on progress of study.

o Bring to various meetings comments, questions, or information from
their individual state DOT offices regarding this study.

o Be able to technically understand the procedures and procssses being
~applied in the study, as well as the methods used to evaluate different

results.

0 Assist in the review of the various products and add local knowledge o
these products.,

B. State Climatologists

Official NWS-zype data will be obtained through information avaiiabie at
the NCDC in Asheville, North Carolina. Since data colle ction and gquality
control of the data is an important part of this study; it is anticipated :hat
it will be necessary 0 include swate climatologists from the major states

being studies in our mestings. It may also be useful o include

represemative(s) Tom the Western Region Climate Center 10 thas
meetings as well. The role of these individuals will b2 aif"* in coflecting

and orﬂaniziﬁ.q datz fram aumerous private, locel znd state nanwarks far

;(L‘

: N
wich there are no roudne collection and SroCassing 333‘532‘ - Mg
~ - S BT
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nave Desn ser aside 5:'1 e OUCE‘!‘;: 10 ¢ifser scme o288 STITUTS.

Resoonsicilities in tnis area inciude:
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JUTVEY, iccate. coliecs, and suondardize aveilabiz icng-rerm _..-.,....In.... ion
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Zaa from soursas oiher than official NWS smanians withips their siara

Dentids ¢ame o . mE Yo gmmaas or snniiog 1o o
J FTOVICS sOme dagre® O QUALT I0DIral O assiommanst of gundiny 10 ine

incividual dzua sources,
0 Amand mestings called to discuss this study.

o Provide informaton and guidance to coniracior regarding snown local
topograpnical anomalies affecting orecipiation.
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0 Review draf products and input knowledge of local features in thair
area.

C. Independent Advisory Group

In order to assure that the stuciy is using the most up-to-date technologies,
it is recommended that an independent advisory group be appointed to
review all aspects of the technical approach proposed for this study. The
independent advisory group shouid be composed of individuals
fepresenting the various major concerns used in the study, e.g., hydrology,
statistics, and meteorolcgy/ciimatology. Three to four SXperts in these
fields will be seiected Dy the contractor to comprise the group with the

following respansibiiites:

0 Auend all meetings called 10 discuss the precipitation frequency study.
Contractor wil] interact with advisory group throughout the coyrse of
study to determine Sirategies, preferred approaches, and confirm
resuits.

0 Pravide their individual techpica] expertise with regard 1o aspec:s of the
swdy to assure a PTCDer course of action.

0 Participate as a reviewer of draft report at completion of this swage of
studv.

VIL PROGRAM MANAGEMENT

At oLy

Informaticn Divisign (WMD), Oze o7 rivdroicgy. Natogaj Weather Service, will bs

‘ne crogram =anager {or ihis studv. Mr, Vagel and Mr. Marsnaji Zansen, Division

-

12, Tohn Vogel (hief af vtn oo s faienl Demes s o e
Mz Joha Voge:, Chief af the = Ciemerecroiagical Sranch of tha water Managsmen:

-~ —

(Coins % tam NG e Smical afaeee g e e
U2l of WMD), wii] ne FIsponsioie fzr guidine 20 SCALCA 2o of the NWS tegm
LAUs t2am s responsibie 107 SCmpietien ¢of tha steimmary znd Zaal repors and o

SRing all meernes M- 3 O€2! s rmner rascopsihia -CT SILISURG 1@ members o the

SCepencen; Advisory Grous,

VIIL BUDGET STATEMENT

The 1ol cost of s 3-vear projec: is $333.850. Commitments have airzady besn
odtained from the Coros of Enginesss. U, Degarinant of Agriculture (Soil
Canservation Service), FEMA, and iha National Waather Service w0 Anance :h Federa
poren of this work. Adcditonal TOnSWErY commitments ara 9eing sought and ar=
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expected 1o be forthcoming. In all, it is anticipated :5at the costs will be shared almost
equally between Federal and state funds, :

Tasks 1 through 6 have been divided to show the sersonnel and computer-reiated
charges. These total $376,900. Miscellaneous charwcs include a special allocation to
the Laboratory of Climatology at Arizona State Unive ersity to develop daia bases for
many of the special networks of precipitation data in Arizona and in Sonora, Mexico;
charges by state climatologists 1o develop other precipitation data bases within their
states; and the consulting fees and wavel for the Incegendent Advisary Group, Other
charges include the supplies, data acquisition charges, publication charges, and travel.
The travel charges are further divided to show the anticipated travel costs and the otal
numper of trips for the state representatives, state cimartologists, and the National
Weather Service. Most of the travel will be for attendances at the semi-annual
progress mestings. At these meetings the various zroups will be oroviding advice and
input 0 the National Weather Service for the semi-zrid region requency study. It is
anticipated that these meetings will last 1 1o 2 days. Some of the meetings may be
lonqe&, especially at the beginning of the oroject, whea many decisions nead to be
made, and at the end of the project, when final procucs and the fnal report are being

preoared and discussed.

This propesal applies primarily to the states of Arizona. Nevada, New Mexico, and
Utah. Mtaouch Arizona appears preparha 10 initiate :pe funding for this study, it is
expected the remaining states will provide funds in subsequent vears.
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NATIONAL WEATHER SERVICE
SEMI-ARID PRECIPITATION FREQUENCY STUDY

DETAILED BUDGET

. Computer Personn:
Tasks Personnel Charges  Total Month:
1 a) Data Reduction - $53,100 $1,500 354,600 10.97
b) Quality Controt $40,085 $2.250 $42,333 8.21
2 Frequency Test $25,600 $500 $26,100 4.40
3 Short-Duration Relations 520,125 3500 520,625 4.03
4 a) Algorithm/Data Plot $33,100 $2,660 §35,100 5.50
b) Frequency Calculations $35,750 $1,000 $£36,750 6.33
c) Algerithm Calculation 523,440 52,000 527,440 4.37
d) Final Adjustments §24,435 5500 524,935 4,14
5 - Spatial/Temp. Relations | . 813,700 $500  $14,200 3.92
6 a) Atlas  §51,855 $31,855 5.74
b) PC Package 338,230 $5,500 343,730 6.67
¢) Final Repart 335,460 §500 $33,960 6.59
376,800 393,650
Laporatory of Climatology,
ASU (12 months) $36.000
State Climatoiogist £30.000
ndependenr Advisory Group
(consuitng & wavel) 12 wios 27.900
Travel (NWS) 21 rios 516.800
Travel-Stare Reps. & Stuarte
Clizmaroiogists 33 wips $24.300
Suppiies (NWS) £3.000
Data (NWS Obtaining Cost) S2.000
Publication (Repart & Adtlas) 520,000
$165,200
TOTAL $376,500 §16,750  §542.100 80.10
PROJECT TOTAL COST $338,850

19 5/8/91



A. G. Contract No. KR911430TRD

ECS File: JPA-91-77

Project:  HPR-3(018)/RO018 O1P

Section: Semi~Arid Precipitation
Freguency Study

INTERGOVERNMENTAL AGREEMENT
BETWEEN
THE STATE OF ARIZONA
AND
THE UNITED STATES DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE

THIS AGREEMENT is entered into ), Cj%f7?§~ < , 1991,
pursuant to Arizona Revised Statutes, Sections 11-951 through
11-954, as amended, between the STATE OF ARIZONA, acting by and
through its DEPARTMENT OF TRANSPORTATION (the "State") and the
NATIONAL WEATHER SERVICE, acting by and through its Office of
Hydrology (the "WEATHER SERVICE").

I. RECITALS

1. The State is empowered by Arizona Revised Statutes
Section 28-108 to enter into this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has delegated
to the undersigned the authority to execute this agreement on
behalf of the State.

2. The Weather Service is empowered by 15 United States
Code 313 and 1525 to enter into this agreement and has
authorized the undersigned to execute this agreement on behalf
of the Weather Service,

3. The State desires to participate in a research study
sponsored by the U.S. Department of Commerce, National Oceanic
and Atmospheric Administration, National Weather Service
entitled "Semi-Arid Precipitation Frequency Study". This study
will provide the basic information required to determine the
characteristics of the standard storm. The information will
provide the State basic flood design information for bridge,
highway and culvert sizing. A detailed Weather Service
problem/research objective (Revised Feb 1991) is attached. The
study, hereinafter referred to as the Project, is egstimated to
cost approximately $558,850.

THEREFORE, in consideration of the mutual agreements expressed
herein, it is agreed as follows:

NO. . Llss 7
Exhibit B to JPA 91-97 FILED WITH SECRETARY OF STATE
Date Filed .20 /¢ 2 /o

7 -
(éfcj‘?wrr_{ \f"g.,ﬁra(-\-ﬂkw

. Secratary of Siate f
V4

By [P if /; .fﬁ?_/"u ,&_z‘/{_‘
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II. SCOPE QF WORK

1., The Weather Service will:

a. Coordinate with other participants and accomplish
the Project. .

b. Provide the State with copies of progress reports
and such other related documents as are available and
appropriate, and a written final report.

¢. Invoice the State quarterly for its portion of the
Project costs, in a total amount not to exceed $180,000.00.

2. The State will:

a. (Coordinate and serve as lead agency with
participating Arizona counties and other western states.

b. Participate in the Project to the extent that its
costs do not exceed $180,000.00.

¢. Reimburse the Weather Service within thirty (30)
days after receipt and approval of invoices.

IT¥. MISCELLANEOUS PROVISION

1. This agreement shall remain in force and effect until
completion of said Project; provided, however, that thig
agreement may be cancelled at any time prior to the
commencement of the Project, upon thirty (30) days written
notice to the other party.

2. This agreement shall become effective upon filing with
the Arizona Secretary of State.

3. This agreement may be cancelled in accordance with
Arizona Revised Statutes Section 38-511 as regards conflicts of

interest.

&, The provisions of Arizona Revised Statutes Section
35-214 pertaining to audit are applicable to this contract.

5. The Weather Service shall provide a claims process
acceptable to the Weather Service and the State, and shall
process any and all claims through said process. Said claims
process shall include a provision for arbitration.
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6. All notices or demands upon any party to this
agreement shall be in writing and shall be delivered in person
or sent by mail addressed as follows:

Arizona Department of Transportation

Joint Project Administration

205 South 17 Avenue, Mail Drop 616E Room 222E
Phoenix, AZ B5007

U.S. Department of Commerce

National Weather Service
Chief, Weather Service Hydrometeorological Branch

Silver Spring, MB 20910

7. Attached hereto and incorporated herein is a copy of
the written determination of each party's legal counsel that
the parties are authorized under the laws of this state to
enter into this agreement and that the agreement is in proper

form.

IN WITNESS WHEREOF, the parties have executed this agreement
the day and year first above written.

UNITED STATES OF AMERICA STATE OF ARIZONA
National Weather Service Department of Transportation
} .
" f ” }
A P ] { ¢ -‘ -
By / < 'wr".""'"*’,f‘? 1":/’—':{ /:;‘—-w - By f(?((/\/./f C"‘ Ei C(—"'-""’/
DR. MICHAEL D. HUDLOW HARRY A. |REED, Director
Director, Office of Hydrology Transportation Planning
National Weather Service Divigion
38173

9AUG
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RESOLUTION

-

BE IT RESOLVED on this 18th day of June 1991, that I, JAMES S§.
CREEDON, as Acting Director of the Arizona Department of
Transportation, have determined that it iz in the best
interests of the State of Arizona that the Department of
Transportation, acting by and through the Highways Division, to
enter into an agreement with the United States of America,
Department of Commerce, National Weather Service £for the
purpose of defining responsibility to participate in a
semi-arid precipitation study.

Therefore, authorization 1is hereby granted to draft said
agreements which, upon completion, shall be submitted for
approval and execution by the Deputy State Engineer.

%»@W

JAMES 5. CREEDON
Acting Director
Arizona Department of
Transportaticn

12033/2
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DETERMINATION

Arizona Contract No. JPA 91-77, which is an agreement between
public agencies; to witj; the STATE OF ARIZONA, DEPARIMENT TOF
TRANSPORTATION, TRANSPORTATION PLANNING DIVISION, and the UNITED
STATES OF AMERICA, DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
has been reviewed by the undersigned attorney for the United States
who has determined that it is in the proper form and within the
powers and authority granted to the United States.

No opinion is expressed as to the authority of the State of Arizona
to enter into said agreement.

i

. o
DATED this _ -4/ = day of e a7 , 1991,

-

THE UNITED STATES OF AMERICA

v/ v / A "’ R /
By N J-/,r/bf o /,/ oy “uz_",' et

1979]



Attorney Beneral
t279 WEST WASHINGTON
Fhoenix, Arizona 35007
REBCE R

-

INTERGOVERNMENTAL AGREEMENT

DETERMINATION

A, G. Contract No, KR91-1430TRD , an agrsement

between public agencies, has been reviewed pursuant to
A.R.S. § 11-952, as amended, by the undersigned Assistant
Attorney General who has determined that it is in the proper
form and is within the powers and authority granted to the
State of Arizona.

Mo opinion is expressed as to the authority of the
remaining parties, other than the State or its agencies, to

enter inte said agreement

DATED this { day of Qc/?e% 1991,

GRANT WOODS
Attorney Genera.

e

JAMES R. REDPATH :(é
Assistant Attorney neral
Transportation Ssction

7005G/L02



SEMI-ARID PRECIPITATION FREQUENCY STUDY

Unsolicited Proposal
for the States of
Arizona, Utah, Nevada and New Mexica

Juiv 1990
{Revised Fepruary 1901)

WATER MANAGENMENT INFORMATION DSISION
OFFICE OF EYDROLOGY
NATIONAL WEATHER SERVICE
SILVER SPRING, MARVYLAND
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wnat will receive nationwide atenton o=- cppiication. An adjuns: o the study wili S
e invoivement ¢of an Independen: Aoviszry CGroup o review olf aspects of tha
proposed siudy. The advisory tzom will T2 Zrawn from che covatz and cubiic ez
anc inciude nvdrological statistical ams wotes rasguraas ciscipiines,
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accomplish the objectives of this research. Therefore, local, State, and Federal
networxs that are not compiled by the NCDC, will be added to the NCDC dara to
define frequency relations, local variations, as well as to provide details with regard to
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the dsvelopment of § frequency distributions and objective
spatial analysis developed over the past 30 vears will be evaluated and used for the new
frequency relations. The extensive adopmon of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therefore, an additional effort will be directed ar
producing a digital file that is adaptable to maost users.

III. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contigucus United States was preparsd by Yarnell in 1933, Suosequwm]y. this werk was
updated by the National Weather Service beginning in the 1950's. Currently, the NWS
has ten reporis which provide the siandards for precipiiation-irequency relations for the
30 stat=s, Puerto Rico, and the Virgin Islands for durations frem 35 minutes 1o 10 days.
For soms of these reports additicnal data has been coliected for another 30 vears.
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IV. WORK PLAN:

The review and revision of precipitation frequency information in the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Urah, southeastern California,
and western Texas involves the following speciiic tasks. Some of the tasks need 10 be
worked in sequence because of dependence on results from sarlier tasks, some can be
considered concurrently. The time table included at the end of the task descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIII, followed by a breakdown of costs according
to the varjous tasks and other charges.

TASK 1
a) Data Collection b) Qualitv Control

A. Background

Some 20 vears or more of data have accumulated since the completion of
NOAA Atlas 2. In addition many stations that wers not consicered in ihat
publication because of short records, now have as much as 30-40 vears of useiu]
records available. Furthermore. unknown quantities of supplemental date axist
as a rzsult of networks and s:ations maintainad by Federal. Swate, county and
rivate agencies, and not archived in NCDC. The amen ot will be madsz w©
obtain the precipitation daia from the northern porions of Sonora, Mexico.
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B. Analvses
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2) non-NWS precipitation cages and records not used in NOAA Atlas 2 that
have data of sufficient lengzh 10 test the old maps and to use in a new analvsis,
and

3) precipitation gages (both NWS and non-NWS) with records too short (less
than 15 vears after 1970) 1o evaluate return periods, but which could be
emploved in the analysis of avents of interest, and eventally will have archived
data for future analyses,

Seasonal distribution of precipitation for all durations will be examined. This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons (summer,
winter, fall, spring) may not be appiicable. In the Southwest it may be more
appropriate to define a monsoonal Scason, rather than a summer or warm
season. The seasonal dafinition may 2iso be different for various sections
within the region,

The seasonal definition provably varies as a funciion of the duration of the
events being investigated, For exampie short-curation convective storms of
6 hours or jess most likely occur mos: frequently from May through Ociober.
However, siorms with a duration of 10 davs or more mos: likelv oceur from
October :hrough April.  Thus, thers Tay be some overiap of months depznding
upen the duration of the siorms being investizated. Delineation of sez

be accompiished early during the da:a processing period 1o ensure thot the S

d

10 be usad in the frequency analvsis is properiv archived in the beginning
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TASK 2
Freacuen

C. Product

A data base of all-available precipitation data for stations in the semj-arid
southwestern states and the immediate surroundings will be created by this task.

-

cv_Distribution/Fitting Studies

A. Background

The NWS has provided many studies of precipitation frequency over a period
of some 35 vears, and aimost all these studies have been based on the Gumbel
distribution (Fisher-Tippett Type I) fitted by the Gumbel fitting procedure
(Weibull Plotting positions). Through the last 20-30 vears, much research has

escribed other statistical distributions and fiting techniques, each with an
appiication to a particular type of data or location.

B. Analvsis
It is important that in a major review, such as proposed herein, considzration

be given 10 theses recant cevelopments, and an attempt made 10 incorporate
any improvements that arz rzal and can be supperied. This task wiil select

from the extensive literaturs those distributions and fitting orocadures that
dppear most applicable. Seme of these are the Generaiized Sxreme Valus

a

(GEV), the Pearsen III, Gensralized Log-Normal, the Gammea. the Generaliz=g

Pareto, Generalizad Lowistic disiributions. and the L-mcmen. method of

moments. and other Iuing procsduras. as exampies,
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This task will draw on the expertise of the Independent Advisory Crous, State
Climatologist, and state participants to guide the NWS toward the c2s: solution
in this area. Thought needs to be given to the benefits/drawbacks nvelved in
solutions that result in regional variations betwesn selecied distribuzicns and
fitting procedures. This consideration may require sample tests be made ip
other regiaons outside the southwest. In the event differant distributicns are
accepted, a discussion of boundary differences will be nesged. Inter-ragional
consistency is important, but sometimes this can be mitigated by judicizug
choice of regional boundaries (e.g., consistent with major drajnage limis).

C. Product

The outcome of this task will be the selection of a frequency districusiza and
fitting technique best suited 10 the precipitation data to be used in -=is study
region.

TASK 3
Short-Duration Relations

A. Backeround

Short-duration information (durations of less thar 1 hour) is valuabia in 1he
iesion for small-area strugiures, such as, drains, cuiverts, cellections, zns sihar
similar hvdraniic structures. Presentv. NOAA Ating 2 prevides ratios sfnoued
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not be applicable to arzas west of the Rockies. The major reasons for this ar=
the difference in the moisture sources and the types of weather associarad with
the event. These homogeneous regions must be defined in the earlv part of the
analysis. Special attention will also be paid 10 urban areas, if sufficient datg
exists, to determine if there are any differances in the intensity of rainfall in the
downstorm direction. ) '

Many of the storms will be due 10 convective activity. Another narural
stratification of the data will be to determine if there are anv differences in the
temporal distribution of precipitation with height.

C. Product
The final products of these studies will be ratios or maps of ratios that can be

applied to the 1-hour duration data 10 determine the frequency distribution of
durations of less than 1 hour.

TASK 4
a) Algorithm/Data Plot (Aloorithm Development/Anaiication)

A. Background

[43

For freguency calculations, nat all portons of =4 emi-zrid southwas: ara

adequately reprasented ov data. Therefore, it is impor:ant o czvelop
algorithms or relations that are based on datw-rich areas 0 be vsed i cata-

DOOr areas.

3. Analysis
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This task will be coordinated with both the State Climatologists for their
knowledge of local variations and anomalies, and the Independent Advisory
Group for their experience and recommendations.

C. Product -

The most important product in this task is the set of precipitation-terrain
relations that apply in data-sparse regions.

b) Ereguency Calculations and ¢) Aleorithm Calculations

A. Background

Once the data base has been esiabiished in task number 1, and the various
relations determined as in tasks number 2 10 %, the daia will be processed o0
cbtain various outputs,

B. Analvsis

ior curations between § minutes and 10 davs at

00 wears will be calculated for all siations within
egicn. Results will b2 obrained both mont

and on a madmum annuae basis. Considerztion will be given in the digial

Lrocess o eswiablish routines that will allow bi-mentaly or weskly producss, if
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d} Final Adiustments (Freauencv Relation)

A.Background

fter all the frequency values are calculated, the spatial analysis of these values
will begin. Alcorithms will be used to develop relations berween the
precipitation frequency data and the underlying terrain. Further smoothing will
be provided by regionalization of the frequency relations. This ensures tha: the
frequency relations within a region are nemogeneous and account for any
unusual singular points in the data set and the underlying terrain.

B. Analvsis

For selecied durations and return periods (e.g., 2-vr 1-hr, 2-yr 24-hr, 2.7 10-dav
and comparable 100-vr values), the calculated frequency values will be piotted
and an objective spatial analysis program will be used to analvze the rasuirs,
These analyses will be reviewed for internal consisten v, known local effzcrs,
metecrological reasonableness. and to develop any supplemental hard copy
analyses. The objective spatial analysis program will regionalize the data,

-~ ~

providing a smoother fina! anaivsis that will account for the un leriving errain.
Seascral relations can be ievzioped for selected frequencywraturn periods either
by month or by mid-season menth. or seasonal

provice comparative informarion that wiil allow th

Comearisons will 2iso be macde w0 other indices. such as runeri
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TASK 5

Spartial/Temnoral Relations (Depth-Duration and Denth-Arez Studies)

A. Background

These studies will be divided into two parts. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles® or less. Such relations provide information for use
over small areas and for short durations, and concenirate on local
thunderstorms. The focus of the second part of the study will be on depth-
duraticn curves from 1 hour through 10 days, and the depth-area resulis will
expiore areas of 500 miles® or greater. These results will give dezails about the
longer duration and more generalized storms. This data base will develcp
information from convective storms, tropical storms and general storms.

B. Analvsis

The depth-duration swdies for smeall-area storms will concentrate on convective
storms to identify the maximum intensity of rainfall in periods of 1 hour or iess.
A family of meteorolegically consistent mass curves wiil be prepared. The daia
base will contain rainfall for periods of less than 1 hour. Arkell and Richards
(1986) and Fraderick and Miller (1979) have shown that there ars differant
subragions within the arza. As a result, special attention must be paid 10
define the homogenous subregions. If sufficient dawa exisis. urban areas wili oz
examined 0 determine if thers are any differences in the intensity of rainicll
downstarm of the city.  Anoiher natural siratificasion of the dam will n2 o
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The depth-duration or temporal analysis of the data will foliow the scheme
developed by Huff (1967) and Huff and Vogel (1976) which identifies families
of mass curves. These families of curves provides a range of meteorologically
possible non-dimensional mass curves, showing the median and the extreme
possible mass curves that can occur. Durations for this analysis will range from
1 hour up to 10 days. Consequently, a series of non-dimensional mass curves
will be assembled that will encompass this wide variation of durations. The
analysis will provide extreme point estimates and consider areal-averaged mass
curves. For this semi-arid area of the United States there will be differences
between convective storms and general storms, the data will be stratified 1o
identify these differences. It will also be necessary to identify any regicnal
variations and differences with elevation.

C. Products

The final products of these srmall-area, short-duration studies will be relazicns
that can be plotted and smoothed for use in small-area dssign probiems

Area-depth curves will aiso be derived for areas greater than 500 miles”. If
possivle, a family of curves will be developed 10 show the exirsme arsa-depihs
that are possible. These curves will bs stratified by EJU:’EL[IO"I and arza sizs o

maximize the utiiity for design ourpeses. A smoothe [ curves will alse oz
generated for generatized resulis. Regional and 2levation variations will b2
¢, and curves will be generated o distinguish becween general siorms.
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will be provided along with graphical relations needed ¢ obtain iniermediate
values, Seasonal variation, depth-area distribution, and s temporal
distribution of rainfall in extreme storms will be discusseZ. and grashs and
figures appropriate to defining these results for the regicn will be given.

In addition, and unique to this study, a digital file will be created 50 that the
resuits at any location in the region and the data bases can be obtained. It is
intended that the digital file will be a practical solution 0 most field users
needs, particularly those who make continual reference to these da:a, or wish to
incorporate these results into some larger computational -outine.

Note: The digital file will be in the GIS form.
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REPORTS AND MEETINGS

A.Reporis

During the course of this study, progress reports will be provided by the
contractor on a quarterly basis. These reports will include brief
summaries of studies under development, comments on conclusions
reached, problems encountered and changes that may be necessizated in
the initial schedule of work. The progress reports (working summaries of
the tasks) will be prepared and submited to all participants and advisors
prior to each meeting,

A draft document of the entire study will be prepared by the contractor
for review by the various identified parties, as well as selected outside
interests. Comments from this review will be acted upon w0 form the final

report.
B. Meerings

A schedule of meetings has been propesed that calis for gene | meatings

'y

to include all participants and for progress mestnes tha: ppi} 10 mers

lzrnr-" interssts. It is proposed that genaral m meatings be neld in

Tiar the first YEaro, and

. . : -
stuc‘ region, 1} at the u..s . of the project, 2) afie: k
- - . - - - - “ ot "
3) dur .’12 the writing of the craft report. The prograss meetines will be
held at approxmataiv six-menth intervale, Thess mestnes will be heid a:
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0 Antend all mestings called to discuss or review the precipitation
frequency study.

o Provide their individual siate DOT officials with updated status reporis
on progress of study. N

0 Bring to various meetings comments, questions, or information from
their individual state DOT offices regarding this study.

0 Be able to technically understand the procedures and processes being
applied in the study, as well as the methods used 10 evaluate different
results.

O Assist in the review of the various products and add local knowiedge to
these products,

B. State Climatologists

iZicial NWS-type daia will be obtained through information availabie at
the NCDC in Ashevilie, North Carolina. Sines dawa colizcrion and guaiin
control of the data is an imporiant part of :his studyt it is anticipatad tha:
it will be necessarv 10 inciude swate climatoiogists from the major siates

being siudies in our meetings. It mav also be usefui 1o includs
regreseniaine(s) ffom the Western Rerion Climate Center 1o these
mesungs as well The role of these individuals wiif o 5 nid in colieciing
anc orgamIing Coil TOm numerous orivaie, jocel 2ad siate memworks ras
WIICh thers are no rousine soliesion and o Mooz
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0 Review drafi producss and input knowledge of iocal features in their

area.

C. Independent Advisory Group

In order to assure that the study Is using the most up-to-date technologies,
it is recommended tha: an independent advisory group be appointed to
eview all aspects of the technical approach proposed for this study. The

independent advisory group should be composad of individuals

representing the various major concerns used in the study, e.g,, nydrology,

-

statistics, and meteorology/ciimatolegy. Thres o four eXperts in these
fields will be selected Dy the contractor to comprise the group with the

following responsibilities:

© Autend all meetings called to discuss the precipitation Tequency siudy.
Contractor will interact with advisary group throughout the course of

study to determine strategies, preferred approaches, and confirm

resuls,

0 Provide their individual tachnical Sxperiiss with rezard o aspesis of the

Siudy 10 assure @ prover course of actien.

. . P “ . - .- -
0 Partcioate as 8 reviawer of drafr FoDOT at comoieton of wils StEcE oo

VIL PROGRAMN MaNAGEDY E=NT

A v - G SRR S - : R S E L E . oy - —
M=o Jekn Vogel Chjef of tne Sereremsiscrolomeal Sranch of the Water Mararaman-
T eme, —— e, T At T %0 Py PO . S . T P - - o . ——— xm 1y wea
Arormaucn Divisicn (WMIDY (fFaa SIomylroiegy. Naucgpzl Weatner Ssmdca Wil o2
- [ - — - PO .- [ " M. . G T e p— D T .
-8 STOLTEm manager Ioroims stuo, . M- Viogel and Mo Namgpman TIEmSETL ivisien

=Tog g . o

Chis? of WMID. w1l 22 -

LINS 180 IS resmonsinie

. - — e
. ’ ~ sy R T P, ‘\
o T NS L i e emir “‘“"D

e bbmd b

o waae N e & s nmdien w

"o ey
i,

D% Tma mmaieag e ol rameme—g am e S
< i T L T

..t . . n P . . - - .. . -
Ty -0 Ay - Al R I T, . . L e g by g et - T E S )
CRlLTE 2 mesunes, MY Mome ew el AT TRITODSIDNE o STLISUNE D2 mamhans - i
T - i N D o U

1 3:3:\.3:. ""‘a.m‘f-is‘..- fed 4 et am

" P i e e W S

VIIL BUDGET STATENENT
THe 1ot2] cngr A9 ~hic T VEIEr Droisct ic G329 Cormmitrammre mar s qleande ©aon
lag LOLC-. COSst CL WIS oa- R Lt P S T ) [(PESPDES MG T LR ML AL TULY Toen

e e b

A e e Seoi

S mmg v ey
L TR W - P TE e e

-
o e

[N 1]

i3



expected to be forthcoming. In all, it is anticipated that the costs will be sharz¢ 2imos:
equally between Federal and s:ate funds.

Tasks 1 through 6 have been divided to show the personnel and computer-related
charges. These total $376,900. Miscellaneous charges include a special allocaticn 1o
the Laboratory of Climatology at Arizona State University to develep datasbases “or
many of the special networks of precipiiation data in Arizona and in Sonara, Mexco;
charges by state climatologists to develop other precipitation data bases within their
states; and the consulting fees and travel for the Independent Advisory Group. Other
charges inciude the supplies, data acquisition charges, publication charges, and ravel.
The travel charges are further divided to show the anticipated travel costs and ths total
nurmber of trips for the state representatives, state climatologists, and the National
Weather Service. Most of the travel will be for attendances at the semi-annual
progress mestings. At these meetings the various groups will be providing advice and
input 10 the National Weather Service for the semi-arid region frequency study, It is
anticipated that these meetings will jast 1 to 2 days. Scme of the mes:ings mav t2
longer; especially at the beginning of the project, when many decisions need 10 o2
made, and at the end of the projec:, when final products and the final raport ars 2eing
prepared and discussed.

This proposal applies primarily to the siates of Arizona, Nevada, New Mexico, and
Utah. Although Arizona appears prepared to injtiate the funding for this study, T is
expected the remaining states will provids funds in subsecuen: vears.



Tasks
1 a) Data Reduction
b) Quality Control
Frequency Test
Short-Duration Relations
a) Algorithm/Data Plot
b) Frequency Calculations
¢) Algorithm Calculation
d) Final Adjustments
5 -Spatial/Temp. Relations
6 a) Atlas
b) PC Package
¢) Final Repor
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NATIONAL WEATHER SERVICE
SEMI-ARID PRECIPITATION FREQUENCY STUDY

DETAILED BUDGET

Personnel
£53,100
540,085
325,600
520,125
$33,100
335,750
$25,440
524,433
515,700
$31,855
538,250

35,460
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Computer

Charges Total
$1,500 354,600
$2,250 $42,335
$500 $26,100
$500 520,625
$2.000 §35,100
$1,000 336,750
52,000 $27,440
$500 524,935
S3G0 514,200
$31,833
55,500 $43,7350
3500 35,960
393,630
S36.0G0
$30.000
£27.900
314.83C0
522300
£5.000
SI.000
$20.0C0
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